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Fig.1 Experimental device of thermo-oxidation
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Fig.3 The change in UV specttum of solution of
oxidized nylon 6 in 0. 4mol/L sulfuric acid/methanol

mixture with the time of oxidation at 120

Table 1 Volatile products characterized by GC-MS

Peak number Substance detected M. % Total name
PKNo.1 Unknown substance - 14.12
PKNo.2 Pyridine 79 5.45
PKNo.3 Acetic acid 60 16.59
PKNo.4 Cyclopentanone B4 3.7
PKNo. 5 Formamide 45 6.32
PKNo. 6 Formamide 45 4.95
PKNo.7 Buiyrolactone 88 3.57
PKNo.8 8- Valerolactone 100 38.73
PKNo. 9 N-methyl-3-pyrroline-2.one 97 4.95
PKNo. 10 Glutarimide 113 2.15
PKNo.a 2-Vinylpyrrolidone 111 -
PKNo. b Succinimide 99 -
PKNo. ¢ Caprolactam 113 Most abundant
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Fig.4 The total ions chromatogram( TIC) of the volatile products collected during thermo-oxidation of nylon 6 at 200C

2.3 AMIEYITEELER

HIGHWRE 6 KB >YH GC-MS A4
HEFLERATERSSHE2. B2 AALLEL, K
BrERNELREEPYEERC _ RN L LM
ZZEE URT R K, AE CENKF
HAE.CHREKEALNRES KENC R
EBEREREH SN ER 6 n TR LEFARE
B JF B 25 ) —CONHCO(CH, ),CO—, X & f1

HiiEZag RS 8w, im0 £ R, 0
BH T £ A —CONH(CH, ), COCONH—%5 #. iX
BMERETERAEAMEMEN N HEMEH X
L EIF S SN B R, AT A2 A R A B Bk B
MERNTHEFNFARM. X— 52T #
EEMENAVERBEEN. SNEHHE,RAT
BTHER,FRIR « REBREEHEERE
B E LR RE

10

o

34

N\

11

HZ
e | A

—

|

10

15

20 25

i (min)

Fig.5 The total ions chromatogram(TIC) of the chloroform extracted substances from the derivatives of the hydrolysis

products of oxidized nylon 6 with ethanol

Fable 2 Detected substances from chloroform extractives by GC-MS

Peak number

PKNe. 1
PKNeo.2
PKNo.3
PKNo. 4
PKNo. 5

My
100
100
160
174
188

% Total name

1.31
4.46
2.54
3.43
2.68

Detected substance

¥-Valerolactone
&-Valerolactone
Methyl ethy] succinate
Diethyl succinate
Diethyl glutarate

N-hydroxymethyl-2-

PKNo. 6 115 9.39

pyrrolidinone
Caprolactam
Adipic acid diethyl ester
Adipic acid monoethyl ester

PKNo.7
PKNo. a
PKNc. 8
PKNo. 9

113
202
174
174

2.43

50.14

Adipic acid monoethyl ester 18.35

6- Amino-2-oxo-caproic
PKNo.1¢

173 1.33

acid ethyl ester
Unknown substance
Unknown substance

PKNo. 11
PKNo. 12

1.89
2.05
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MECHANISM OF THERMO-OXIDATIVE
DEGRADATION OF POLYAMIDE

1.1 Rongfu, HU Xingzhou
( Polymer Physics Laboratory , Institute of Chemistry , the Chinese Academy of Sciences , Beijing  100080)

Abstract The thermo-oxidative degradation of polyamide 6 (PA 6) was investigated by means of detailed
analysis of the reaction products. The changes in the contents of main groups produced in PA 6 during
thermo-oxidation were determined by chemical methods. The volatile products of PA 6 during thermo-
oxidation were collected and characterized by GC-MS. The hydrolysis products of oxidized PA 6 were also
characterized by GC—MS. Experimental results showed that the hydroperoxide was the initial oxidation
product of PA 6, and through its decomposition and further reactions, various oxidation products were
formed, such as keton group and carboxylic group. From the analysis of hydrolysis products of oxidized PA
6, it was shown that a large amount of imide group was formed on the main chain. But at the same time
some keton amide group [ —CO—NH—(CH, ) ,—CO—CO—NH—] was also formed on the main chain. It
means that although hydrogen-abstracting reaction by radicals mainly occurs at the methylene group
adjacent to the nitrogen atom, it can occur at the methylene group adjacent to the carbonyl group of amide
group as well. From the analysis of the volatile products, of great interest is that a lot of ¢yclic compounds,
which had not been reported yet, were formed during thermo-oxidation of PA 6. It indicates that some
cyclization reactions should be included in the oxidation process of PA 6. On the basis of all the obtained
experimental results a complete mechanism of PA thermo-oxidative degradation was suggested. The
mechanism contains the hydrogen-abstracting reaction by radicals at the methylene group adjacent to
nitrogen atom and at the methylene group adjacent to the carbonyl of amide group, a series of radical-
addition-cyclization reactions, and radical induced chain-scission reactions. It can well explain the results of
the product analysis.

Key words Polyamide, Thermo-oxidative degradation , Mechanism, Radical reaction



